Objective: In order to improve fermentation quality of natural grasses, their silage preparation and fermentation quality in meadow steppe (MS) and typical steppe (TS) were studied. Methods: The small-scale silages and round bale silages of mixed natural grasses in both steppes were prepared using the commercial lactic acid bacteria (LAB) inoculants Chikuso-1 (CH, Lactobacillus plantarum) and cellulase enzyme (AC, Acremonium cellulase) as additives. Results: MS and TS contained 33 and 9 species of natural grasses, respectively. Stipa baicalensis in MS and Stipa grandi in TS were the dominant grasses with the highest dry matter (DM) yield. The crude protein (CP), neutral detergent fiber and water-soluble carbohydrate of the mixed natural grasses in both steppes were 8.02% to 9.03%, 66.75% to 69.47%, and 2.02% to 2.20% on a DM basis, respectively. All silages treated with LAB and cellulase were well preserved with lower pH, butyric acid and ammonia-N content, and higher lactic acid and CP content than those of control in four kinds of silages. Compared with CH-or AC-treated silages, the CH+ AC-treated silages had higher lactic acid content.
INTRODUCTION
Meadow steppe (MS) and typical steppe (TS) are important natural steppes that are widely distributed in temperate semi-arid continental climate region and the northern hemisphere boreal and temperate. In China, they are distributed in the northeast, Inner Mongolia, Xinjiang, Qinghai and Tibet Plateau. These steppes play an important role in animal production. However, both steppes are limited in their hay production due to the cold, dry climate, regardless of water use [1] . They occupy about 400.02 million km 2 but can only support 13.62 million tons of hay, which provides about only 42% of the animal feed needed in the winter and spring. Local farmers usually begin storing grass in mid-August. During harvest and storage, dry matter (DM) and crude protein (CP) will be lost [2] . Previously, interest has shifted toward natural grass silage as a main feed source for ruminant animals. Not only can it be prepared ahead of time, in late July to early August, which preserves nutritional value, but it can also extend the retention time, facilitating fodder provision throughout the year, regardless of the weather [3] .
It is usually difficult to prepare a good silage fermentation from natural grasses because of their lower moisture, water-soluble carbohydrate (WSC) content and lactic acid bacteria (LAB) counts, as well as their higher lactate buffering capacity [4] . Some studies have tried to solve the problem of poor fermentation by using silage additives, such as LAB and cellulase [5, 6] , which Leymus chinensis (7.00%), 93.77 for Serratula centauroides (6.12%), 92.72 for Achnatherum sibiricum (6.05%), while other grasses were below 93.00 kg/hm 2 in MS. On the other hand, Stipa grandi, Stipa krylovii, Cleistogenes squarrosa, Anemarrhena asphodeloides were the dominant grasses in TS, their DM yield at a high level of order were 1147.04 kg/hm 2 for Stipa grandis (61.27%), 428.66 for Stipa krylovii (22.90%), 122. 17 for Cleistogenes squarrosa (6.53%), 79.96 for Anemarrhena asphodeloides (4.27%), while other grasses were below 47.84 kg/hm 2 in TS. The minimum DM yields were observed from Potentilla tanacetifolia (11.29%) in MS and from Artemisia scoparia (1.13%) in TS, respectively.
Chemical composition of natural grasses
Chemical composition of natural grasses in MS and TS are shown Table 3 . The DM contents of mixed grasses were similar levels ranging from 52.40% to 55.07%, and their OM were also similar with 95% of DM in both steppes. The CP of mixed grasses were 8.91% to 9.03% in MS and were 8.02% to 8.13% in TS. Their NDF and ADF were 69% and 47% of DM in MS, while they were lower more than about 2% and 4% of DM in TS. The WSC contents of mixed grasses in MS (2.15% to 2.20% of DM) were higher (p<0.05) than that in TS (2.02% to 2.04% of DM). Fermentation quality of mixed grasses silage prepared without or with LAB and cellulase in MS and TS are shown in Table 4 . The grasses (G), preparation methods (P), additives (A) and their interaction (G×P, G×A, A×P, and G×A×P) influenced (p<0.001) butyric acid, in addition the additives also influenced (p<0.001) pH, lactic acid, and ammonia-N content. The small-scale and round bale silages in both steppes were showed as similar fermentation results. After 60 days of ensiling, the CH, AC, and CH+AC treatments of small-scale silages and round bale silages in MS and TS were preserved with significantly (p<0.05) lower pH and ammonia-N content, and significantly (p<0.05) higher lactic acid content than those of control. Acetic acid were produced in all silages with 0.38% to 0.57% of FM. Only the control treatment in MS had detected butyric acid (0.16% to 0.25% of FM) and propionic acid (0.11% to 0.17% of FM).
Chemical composition of mixed natural grasses silage in MS and TS were shown in Table 5 . The additives influenced (p<0.001) CP, EE, NDF, and ADF. The OM contents of all silages were similar levels raging 92.89% to 95.13% of DM. The CP contents of MS silages (8.13% to 8.92% of DM) were significantly (p<0.05) higher than in the TS silages (7.22% to 7.89% of DM). The CP contents of CH+AC-treated silages were significantly higher (p<0.05) than other treatments, and MS had higher (p<0.05) CP content in the four typies of silages. AC-and CH+AC-treated silages significantly (p<0.05) decreased NDF and ADF contents compared to the control or CH-treatment.
DUSICUSSION
Natural steppes, such as MS and TS, are important feed sources for livestock, and most of the local livestock in China are dependent on these environments. MS occur in the eastern part of the grassland belt, extending westward to the eastern edge of the Inner Mongolian Plateau, China [19, 20] . It is reported that the structural species in MS was Sibirian filifolium, and the dominant grasses were Stipa baicalensis and Leymus chinensis. Our study found that the MS contained 33 species of natural grasses, dominated by Stipa baicalensis and Leymus chinensis. However, we did not observe the structural species Sibirian filifolium due to steppe environmental degradation [21] .
TS are located west of MS in the Inner Mongolian Plateau. Previous studies have reported the structural species as Stipa grandi and the dominant grasses as Stipa grandi, Stipa krylovii, and Cleistogenes squarrosa [22] [23] [24] . We found nine species of natural grasses, dominated by Stipa grandi, Stipa krylovii, Cleistogenes squarrosa, and Anemarrhena asphodeloides, which is consistent with previous studies [25] [26] [27] . The structural species had shifted from Compositae to Gramineae, which may lead to easier ensiling. The TS had fewer species than the MS, and the species of Gramineae accounted for a large percentage of total grasses, which could reduce the abundance of other grass species that have an uncertain value for ensiling [28] .
Yield is the dominant factor affecting the quality of ensiling [20] . The DM yield of Stipa baicalensis, Leymus chinensis, Serratula centauroides, Achnatherum sibiricum, and Cleistogenes squarrosa accounted for 35.41% of the whole DM yield in MS, whereas Stipa grandi and Stipa kryloviiin accounted for 84.17% of the whole DM yield in TS.
Generally, natural grasses do not grow during the cold season because of the low winter temperatures. Therefore, it is necessary to preserve a feed supply to continuously feed ruminants during the cold season. Silage fermentation is considered the most effective technique for addressing the cold season feed shortage [29] .
Silage is now the most common preserved feed for cattle production in many countries, including China [30] . Generally, farm silage is based on natural lactic acid fermentation, in which epiphytic LAB convert WSC into organic acid during the ensiling process. The epiphytic LAB population density has become an important factor in predicting whether to apply LAB in silage [31] . LAB population densities ≥10 5 (cfu)/g FM usually result in silage that is well preserved [14] . WSC is also an important factor that influences the fermentation quality of silage [32] . A good silage needs a DM >5% WSC for lactic acid fermentation [33] . However, these mixed natural grasses have a relatively low WSC (Table 3) . Furthermore, only a few epiphytic LAB are found on these materials [34] , suggesting that silage fermentation may need to be improved using LAB inoculants or cellulase enzymes [14] .
The LAB-and cellulase-treated silages in both steppes were well preserved, with significantly (p<0.05) lower pH and ammonia nitrogen content and significantly (p<0.05) higher lactic acid content than that of each control. These results are likely explained by the WSC content of the materials and by the numbers and physiological properties of epiphytic LAB. The low WSC content of the mixed grasses could hardly provide enough substrate for LAB fermentation. Added cellulase may degrade the cytoderm and increase the available sugars, thereby providing a substrate for lactic acid fermentation, which is consistent with what Sun et al. found for maize silage [35] . Furthermore, the population of epiphytic LAB is usually very low, and some lactic acid-producing cocci cannot not grow in a pH<4.5. During silage fermentation, the cocci grew rapidly only in the early stage. If the silage pH remained >4.0, then the growth of clostridia was not inhibited, and butyric acid fermentation occurred.
In MS, the control silages were of poor quality, with a high butyric acid content. These results suggest that the inoculant strain Chikuso-1 used in this study is Lactobacilli plnatarum, as it can promote lactic acid fermentation as a homofermentative lactic bacteria and may grow in a low-pH environment [36, 37] . Therefore, inoculating silage with these strains may result in beneficial effects by promoting the propagation of LAB and by inhibiting the growth of clostridia, as well as by decreasing ammonia nitrogen, which is an indicator of high-quality fermentation [38, 39] . The combination of LAB and cellulase had a greater effect than did treatment with either one alone, showing that these additives promote each other to improve silage fermentation. The CP content was higher in treatment groups than in controls, and the NDF and ADF contents were lower than those in the controls reported in studies of alfalfa silages [40, 41] . The CP content was greatest in the CH+AC-silage, whereas there was no difference between CH-and AC-treatments, which is consistent with previous findings [35] . The lower NDF and ADF contents in the CH+AC-and AC-treatments were probably the result of cellulose-promoted degradation of fiber, which is consistent with the results of Colonbatto [9] .
Small-scale fermentation systems were developed and used for LAB screening and silage preparation, because this method can be easy to control under different fermentation conditions [14] . In this study, the silages were prepared using small-scale fermentation and round bale systems. The results showed that small-scale silage values were slightly greater than those observed in round bale silage, because round bale silage with plastic film allows some air permeability [42] . The similarities between the two kinds of silage showed that small-scale fermentation can be used to test the fermentation quality of silage. These results confirmed that the addition of LAB, cellulase, and their combination benefited silage fermentation by increasing lactic acid, decreasing butyric acid and ammonia nitrogen contents, and improving the silage quality of natural grasses from MS and TS environments.
CONCLUSION
MS and TS contained 33 and 9 species of natural grasses, Stipa Baicalensis and Stipa grandi were the dominant grasses with the highest DM yield in each steppe. Their mixed grasses in both steppes had 8.02% to 9.03% CP and 66.75% to 69.47% NDF of DM. LAB and cellulase, especially their combination could effectively improve fermentation quality of mixed grasses silage in both steppes.
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